
LA-tJR -85--1526 flWEIVEllBY0S11 JUN071Q36

(y)w- w-owl -’-/(

Log AlamocNDWOMI Lsbomloq k opumM by m. Unlvwtlty otCalifornia tot W Unllod 81stoc Dopartmont of Energy under Contrur W.740S-ENGM

LA-UR--85-1526

DE85 012693

TITLE: THE RF PROGRAM FOR LAMPF II

AUTHOR(S): Eugene P. Colton, MP-14

SUBMITTED TO; 1985 Particle Accelerator Conference, Vancouver, B.C., Canada

May 13-16, 1985.

DISCLAIMER

Thiri report was prsptircd IIS un uccounl of work sponsored by an u~ency of the United Stutcs

Government. Neither the LJnitcd Stutcs Govcrnrncnt nnr uny tigcncy thereof, nor uny nf their

Cmployccs, rnukcs tiny wurrtrrrty, express or implied, or ussurncs nny Icgnl Iiohility or rcrmarsi-

hilit: for the wairwy, complctcncss, or uscMncw (If nny information, trppurutus, prcduct, or

pruccw disclosed, or rcprcscnls (hut its usc would not infringe privtitcly nwned rights. Rcfcr-
~l)cc herein t,, urly Specific comm,:rcinl product, process, or *crvicc hy Irudc numc, trudcmurk,

munufucturcr, or o(hcrwi$c rk)cs nut fICCCWIirily Cl)n*tit JtC or imply its cndor$cmcnt, rccom-

nlcnduti{m, ur fuvurirrg hy the Unitud Stulcs (iuvcrnmcnl W uny ugcncy thcrcuf. ‘Ihc views

lnd opinions of uuthm cxprcwcd herein do nut ncccw+urily !tutc or reflect Ihmc of the

I tnitcd slutts (iovmmcnt or UIIY Ugcncy thcrc~f,

Ol$Tll$JrlojIjl IfJ/$!JjfJ//~/J~i; U1’l ltf’~~Q
!,. ,,, ,

t’By •CWpl~nc. of this ●rlicla, tha publlstror rocognlzoc that Ih@ US Gov.rnmMl rotnln$ @nonoxcluslve, royalty-fr~ Ilcsnag to publlsh o! roproduc~ ,;. )

tho publlchod form of Ihls contrlbutlon, or to ●now othorc to do W, tor US Oovornm.nt purpo~s

1 N Loo Alamoc National bborotw tquoot$ that tho publlthor Idonllly thlo srtlcla ●s work potlomwd urrd.r Ih@•rapt~ of tho U S Deparlm.nl cd Energy

11=-~&!!fh~~~ ksAlamos,New.exit.8754#
LosAlamos National Laborator

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



TRX RF PROGRAMFOR LAMP? I I

Eugene ?. Colton
Los Alamon National kboratory, Los Alamorn, NM 87545

The rf program is cho~en to maintain a bucket/
bunch area ratio of at leaet two during rf capture,
acceleration, injection, and extraction. At 0.797 GeV
the beam bunch area ia 0.0635 eVn. Ue show the
behavior of the rms bunch length and alp/p during
acceleration. 11,,rf system must provide a voltage of
1.59 MV/turn for the booster and 5.0 MV/turn for the
main ring.

I. Introduction

In this work we describe the operation of the rf
system for both the LAMPF II booster and main
l%ese

ring.
facilities are being proposed for a high-

intenaity kaon factory. ‘lhe 1 mA LAMFF Llnac would be
an H- injector for the booster. After tripping to H+,
the booster would accelerate 1.5 x lol~ pr0t0n8 from
0.797-7.3 CeV kinetic energy. l%e repetition rate
would be 60 Hz. Four booster pulses fill the main ring

fix ;;J?”r ‘aahion”
The main ring then accelerate

protona from 7.3-45.0 CeV with a repetition
rate in the 3-4 Hz range. In Sec. 11 we describe the
magnet progrnm and rf eystem requirements. In.
Sec. III we diecusa the injection and acceleration in
both machlrree aa well as the matching. Beam loading
and power requi :ements are treated in Sec. IV.

II. System Rti,qulrementa

A. Boos$. er—

l%e 16213 ma cycle includes 1 ms for injection,
11.75 mE for acceleration, and 3.92 ma for reset. The
power oupply haa been debcribed by Praeg.1 The time-
dependent magnet waveform dictatea an t-nergy gain/turn
given bt

cmfa
AF8(t) - — (P+c-p-c) siIl(2rlfat) (1)

c

where C fa the circumfer~nce C - 3>(3.87 m, f is the
accelerating magnet rise frequency

+ ia
fa - 42.55 fiz,

P-1P +
and

the initial /ftnal momentum (P- - 1.463 GeV/c
and p - 8.185 ch?v/c).3’he peak AEa - ]OS2 KV/ turn,
A single rf system rteliv.era an energy gain/ tu-n for the
ayncllronous particle givrn by AEa . F.vO afl,~g(t) whe r{.
+. iE the Bynchronou8 phase iinR1e, and V. in ‘hc net
cavity voltage.

B, 1411in king.—

Initially we considered n magnet wnveform nimilnr
to that of the hnoeter hut with n ‘! llz cycl-. A cycle
includes 50 m8 for lilje(tion of fol. I][ll>ntvr pul nes ,
f17. rl ms for’ nrceler-otion, 16 fj. f)7 mu for slow cxt, ,tlon
and :!9. 167 m8 fnr rrtiet. We e~?aluate Eq. (1) wit C -
ll?l ,32 m, p- - H.1H5 (kIV/C, p+ - 45,929 @V/c, and
f - 5,7]/4 11?; the mnx[~,,jm AE~ - 2,99 MIIVO
a?”n conu$dcr~d

we hnve
nn nr[rlerntin~ maRnet w~vefnrrn wh~ch

is Iinenr O - con Ht,\nt, In thlm crinr the energy Knin
per - C(dp/dt). lie may adopt thla
prnce;;;; i~l’th!’!~,[~r{,, hut in thi# wnrk wc ,Jwnt
con!ltdcr tlw ninunntdnl wrivcform nf I!q, (l).

111. Ipym t r H
—.. - .—. .

A. lhj~t or RF Cnpturt.-- .. . . . . . . . .. . -. .--— .-

7%P I,AMPI$ microptl]wen w! 11 he lnj~rled for nnfi
ma(ropulmo (t 1.0 mm). The rf frrq(wnry tH ‘J). 112”, Mllz

and the heIYOOntC number h = fRF/fr ~ = 70. me micro-
pulaee will be prebunched to a 19. 7 n. apaclng and ●yn-
chronoualy lnjccted into alxty of the booeter rf
buckete. A hole of ten buckets must be left for the
extraction proceae. llre rf capture volt~eof ::
700 kV/turn. lhe injected particlea occupy *10
p’heae with bunch &rea 0.0635 ●Va and AP/P = *O. 3%. The
ratio of bucket eO bunch area Is -2. Figure 1 ahowa

~~~ha~~~~~{~~cket and ~am bunch for the boaterprotons in the machine. Ihe reduction
in bucket Area due to longitudinal apace charge ia
small (-2.0%). ‘l’he small-amplltude oynchrot ron tune

“so is 0.044.

B. Booster Acceleration

The voltage V and phase Q were chosen to supply
the required !AEa?t) aa apec fied by Eq. (l). Fig-
ure 2(a) shows the tfme dependence of Vo, $a, v~o, and
the bucket area Ab.2 The program was chosen to conserve
the bucket area until V reached 1.59 MV, then to hold
this voltage until 6.8 ma into the cycle, after which
V. ia r duced linearly to its final value of
~~ ein-l(*E ,ev )

1 MV; $@

ao”

We have calculated the time dependence of the rma
bunch length o (in units of rf phase) and the rma alp/p
which we call 6. Figure 3 ehowa these two quantities
obtained using the rf program ahown in Fig. 2(a). An
ervelope equation ie used for the time dependence of 8
using the prescription of Sacherer.3 The equation ia
written aak

(2)

where r - - h2n/(mR2y), a . - iv coa+a/(2mh), S ia the

r.m. e. longitudinal area of t~e bunch, R ia the
machine radiua (C/2rI), n - I/yz - l/yt2, and m ia the
proton maus. The te.m ~f repre8ente the longitudinal
apace-charge force. kil a equal to 3r mc2h/R here r
is the clnssical proton r.~dius rp = II1.5! x 10-1 m anl
f,, is given by

(3)

where y - E/mpc! , 20 iII the impedance of free apace
Z. - 377 ohmn, and gn - 1 +2tn(b/n), where b/a ie the
rntto of beam PIPC to henm riinmcter (- 2 at injection).
The broadband wal 1 impedan, 1, term Z1/n acts in an
oppoflite aenap, and N iH ttle numb+.r’ of prutona in a
hunch, The ex:, re#sion fnr 6 in

(4)

c. Mnln ltt~ l~ection——.-—-—— — . . . ...

Four HtlrrcnNi VP twltcl}r~ of 1. ‘~ x 1013 protons from
t Ilc
inter~ll~’,f’’’l~$5Trm..

nre IIljrcted Into tht, main rinR nt
311t, Fil ltng ptncr. nn takr. * 50 mn

and ritarktng in rlonv in hnx-rar faahfnn. l%ch batch irn
aepnrntmd hy rI. R., nix empty bucketw tn allow for rice
and frill ttmen nf tltr in Iort lnn k{ck-ra The mnin rinR
hnrmonlc nllml,er in 264 no thp 6 ~ ,,,13 ~,r,,,,,,,,” are



stored in 240 bunchen. The rf voltage for the 50 ms
injection phase in 1 M’/turn ●nd the buckec arna Is
0.788 ●Vs. This value is m{,ch larger than the inJected
beam area (the bunch nrea la 0.0635 eVs).

D. Main Ring Acceleration

The voltage V and phase + were chosen to supply
the required !AEa?t) an apec fied by Eq. (l). Fig-
ure 4(a) a’news the time dependence of Vo, +a, and the
bucket area ~. 2 The program waa chosen to conserve the
bucket area until V. reached 5.0 MV, and then to hold
this value throughout the acceleration; *a ia
ein-l(AE~/eVo). Figure 5 shows the time dependence of
the rue B and 6. He used y - 6.0322, lZL/nl - 10
ohms, and the booster value for $ (0.0635/4 eVs).S The
final valuem are o - 0.244 and 6 = 0.017%.

E. f4atchin&

The output booster values o = 0.252 and 6 - 0.092%
are unequal to the required starting valuea for the
main ring 13 - 0.383 and 6 -0.061% (ace Fig. 5).
Matching can be effected by performing rf manipulations
in the booster just prior to extraction. One technique
to increase the booster bunch length is just to reduce
the rf voltage abruptly, from say, 1.0 MV to O. 25 MV.
After 50-100 turns the bunch will have lengthened to
the correct ,ra’,ue expected f.n the main ring and the
beam can he transferred. A second technique is to
shift the rf phase by w to the unstsble fixed point for
a preset number of turns, and then ahif t back by -n and
wait for a similar number of turns. With an rf voltage
of 1 MV the whole proceaa will take about 30 turns for
the burlc;l to lengthen to the desired value.

IV. 6eam Loading and Power Requirements

Wfth strong beam loading the rf cavities must be
detune-1 off resonance an angle $ in order to maintain
?he required energy gatn/turn.6 The angle is gfven by
tan$ - (Ib/Io) \coa$e[ where Ib ia approximately 1.8
times the first harmonic of the beam current (at the rf
frequency). The current I u Vo/R6h where R h la the
total ahunt resistance o? Lhe cavities. l% ratio of
the power deljvered to the beam divided by the pnwer
diaaipated in the cavitiea is denot~d by Rp and ia
given by f$ - (Ib/I )nln+a. We define

1’
the power

diaaipated in the cav ties aa Pc - V~t(2R~l,).

of 1.~: 1:)’{$ p::::::r :dre:::rer:p ~r:~::rnwi::o:f 1::
Fig. 2(a), this leads to a total shunt reels tnnce of
535.2 Kfi. For this rase we show in PIR. 2(b) the time

dependence of R , 0, and PT where pT iw the tOtal power
delivered to !he beam and cavities. Tne maximum
gsnerator power ia nrar 4.5 MW. With sixteen cnv!tien
the mnximum cnvity voltage would be 100” KV, and t:.
maxlmurn pnwer diaa:pntlon would he nhnut 150 KU per
cnvtty. The amplifiers would hmvc to br capable of
2Ml KU output over a 2(IZ frequency #wing (due to the
ch~nge fn tl durillR the accelcrnt inn).

of 6~;rxt’;~lynf~r; ~;~,wenX;q’’~;~ ‘Pf< ~;l~r~~t~h~m~t’i’;
Fig, 4(a), thin lends to n totnl nhunc renintnnve of
3864 Kn. ?nr thin cane we III1OWtn Fig. 4(h) tho timr

/ depcndoncc of R , $, and P,r where PT in t!w totnl power
deliverd to Ft,e henm nnd rnv{tle”. II,P mnxlmum
Renerntnr power ts nrnr 9.75 MW. With fnrt) .-avit fen
tlw rnnximum en\, ity V(J1tlagP w[)t!ld ho 12’, KV nnd thr
maximum pnwcr dfnninat ion Wn(lld h~ ~hotlt RI h~ pcr
cavity. I%e nmpllft~rn woutd hfive t(, hi, cnp~hle of
7.45 KU r, ,tput river n 0.6Z fr?quency nwl IIH.

V. Concluslona

llte rf dynamica seem to be in raaaonable ahape.
Some changea may be In order for the main ring rf
eyatem regarding the large detuning angle a. Feedback
ayatema need to be considered to cope with the Rabinaon
stability criteria.7
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Fig. 1.

FiR. 2(a).

Fig. 2(l)).

Fig. 3,

F{x. 4(8).

Fig. 4(h).

FiR. $,

Figure Captions—

Injection stationary bucket for booster for
V. - 0.7 MV. Dots represent beam buuch
generated uniformly ill +-alp/p apace.

RF program for booster during the 11.75 ms
acceleration cycle. V. is rf voltage, Vao
is the sm.-n-amplitude aynchrotron tune, +a
ia the synchronous phaae angle, and Ab ia
the bucket area.

Booster beam loading par~metera plotted va
time. 1$ istherattn of power delivered
to the beam to that dissipated in the rf
cavitiea , $ is tl,e detuning angle, ond PT
is the power delivered by tlle generatur.

Behavior of rms quantities 8 and 6 cal-
culated uslnR Eqs. (2) nod (4) during
boouter ncceleratlon.

RF program for mtiin ring during the 87. < mB
nccelcrn lion cycle.

Main rinR henm lcndinp, parnmet~rs plotted
Vtl. time. l%e qunntitten nrc defined IIE
in FiE. 2(b).

Behavior of rmH quantitle~ II and 6 during
mnifl rlnfi ncrelernt. ion,



I

alp/pMT” “

Fig. 1 -’--0.5

1.5

1,0

0.5

0
I o“

e

6

4

2

0

I I .

‘4 .
/#*/loo” .

/
‘J “ — “:..”*”<”

. . . . . . . . . . . . ..~”.”
L:sa

, / \

. / +/10° ,,,...\””
“. / ,.,

... ,m, ,.. \. .~,. , , . .

/’/ ““”
‘\

. .. \

/,’ ‘“a. \
PT / Ioew-’/y

\. \

O 2 4 6 8 10 12

Time (ins)

t 1
0 L—~J

o 6 12

Time (ins)
Fig. 3

I I I I 1

vo/lo6 volts
(a)

6 “

4 - J180°-&)/lo”.

/“ “\ “
2 - ~,,ev~ ‘k””””

X..*””” “. ““” ”””.*.... ..*
o ; /

!0

L

l#/loO - (b)
.

0 “.

; {y

/ \
(<*”L . . . . . . . . . . . . .

Y ““”””
6 I

‘R’{

,/ ,{

I

4 -1
\

I -PT/loew \

2 I
\

\

o ~- \

0.5

0,0

0 20 40 60 80 100

Time (me)

h(a) /,11{1 6(11)

E.,~——-_I

\

——

5008 ‘ -. ‘\.

,_-1

-.,--...,

0 45 90
lfl~.5 Time (ins)


